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Abstract

Context Cultural ecosystem services, many of which

depend on biodiversity, are recognized as important

but seldom quantified biophysically across land-

scapes. Furthermore, many ecosystem service models

are static, and the supply of cultural ecosystem

services may be misrepresented if seasonal shifts in

biotic communities are ignored.

Objectives We modeled landscape dynamics of wild-

flower blooms in a temperate montane landscape to

determine (1) how floral resources (wildflower species

richness, abundance, timing, andpresenceof charismatic

species) changed over the growing season, (2) how

projectedwildflower viewing hotspots varied over space

and time, and (3) how spatial shifts in floral resources

affected potential public access to wildflower viewing.

Methods Data were collected at 63 sites across a

rural-to-urban gradient in the Southern Appalachian

Mountains (USA). Generalized linear models were

used to identify factors affecting floral resources at

two temporal scales. Floral resources were projected

across the landscape and hotspots of wildflower

viewing were quantified using overlay analysis.

Results Floral resources were affected by topoe-

daphic conditions, climate, and surrounding building

density and changed seasonally. Seasonal models

revealed locational shifts in ecosystem service hot-

spots, which changed the proportion of hotspots

accessible to the public and identified wildflower-

viewing opportunities unnoticed by static models.

Conclusion Relationships between landscape gradi-

ents, biodiversity, and ecosystem service supply

varied seasonally, and our models identified cultural

ecosystem service hotspots otherwise obscured by

simple proxies. Landscape models of biodiversity-

based cultural ecosystem services should include

seasonal dynamics of biotic communities to avoid

under- or over-emphasizing the importance of partic-

ular locations in ecosystem service assessments.

Keywords Cultural services � Ecosystem service

capacity � Temporal pattern � Wildflowers � Nature-
based recreation

Introduction

Sustaining the supply of ecosystem services has

become a primary goal of landscape management

worldwide. Ecosystem services are integral to policies
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at local, regional and national levels (Millennium

Ecosystem Assessment 2005; TEEB 2009), and sus-

tainable management of the supply of ecosystem

services depends on understanding their ecology

(Kremen 2005). Substantial progress has been made

in understanding regulating and provisioning services,

including the development of production functions

that link biophysical processes to ecosystem service

supply and allow ecosystem services to be mapped and

evaluated at multiple spatial and temporal scales

(Daily andMatson 2008; Kareiva et al. 2011). Cultural

ecosystem services (the non-material benefits received

from nature) are consistently recognized as important,

but are often considered difficult to measure and are

seldom quantified (Feld et al. 2009; Daniel et al.

2012). Thus, understanding of the supply and dynam-

ics of cultural ecosystem services lags behind that of

other ecosystem services.

Cultural ecosystem services, such as ecotourism,

nature observation and human well-being, often

depend directly upon biodiversity (Naidoo and

Adamowicz 2005; Fuller et al. 2007; Mace et al.

2012), but are largely absent from biodiversity-

ecosystem service studies (Cardinale et al. 2012, with

notable exceptions, see: Quetier et al. 2007; Villam-

agna et al. 2014). Many cultural ecosystem services

rely on seasonally dynamic species. For example,

appreciation of fall foliage color depends on seasonal

variation in the biotic community (Wood et al. 2013);

wildflower viewing depends on flower phenology

(Turpie and Joubert 2004), which can vary by species

and environmental setting; and wildlife watching

varies with seasonal differences in species presence,

abundance and behavior (Lambert et al. 2010). Thus,

supply of many biodiversity-based ecosystem services

is likely shift seasonally. However, ecosystem service

studies have tended to use simple indicators and static

data sources that ignore the ecology and temporal

dynamics of biotic communities (Kremen 2005; Luck

et al. 2009). Early studies of ecosystem services used

simple models based on land-use proxies to describe

the spatial pattern of service provision (Chan et al.

2006; Troy and Wilson 2006). Few ecosystem service

studies addressed the contribution of biodiversity to

ecosystem services (Kremen 2005). Ecosystem ser-

vice studies have evolved over time to use empirically-

derived and process-based models that consider more

detailed spatial and temporal data (e.g. soil, climate,

management within land-use types) (e.g., Sharp et al.

2016) but cultural ecosystem service models remain

limited with only 17 % including multi-temporal

assessments and less than 25 % incorporating spatially

explicit information (Hernández-Morcillo et al. 2013).

Models of ecosystem services that represent static

spatial distributions (Anderson et al. 2009; Raudsepp-

Hearne et al. 2010; Holland et al. 2011a) may obscure

heterogeneity in ecosystem service supply and sim-

plify relationships between landscape gradients, bio-

diversity and ecosystem services (Eigenbrod et al.

2010).

Viewing and photographing wildflowers is among

the fastest growing forest-based recreation activities in

the United States, with over 40 % of adults partici-

pating (Cordell 2012), and an exemplar of a cultural

ecosystem service that depends directly on biodiver-

sity. Wildflower viewing depends on the presence of

wildflower blooms, which are heterogeneous in time

and space. Spatial–temporal dynamics of floral

resources have strong effects on plant-pollinator

interactions (Kremen et al. 2007; Williams and

Winfree 2013; Matteson et al. 2013) but consequences

of landscape-scale variation in floral resources for

cultural ecosystem services are unknown (Lavorel

et al. 2011; Quijas et al. 2012). Variation in floral

resources may have important impacts for manage-

ment of nature-based economies (Turpie and Joubert

2004; Sakurai et al. 2011).

Few studies assess spatial–temporal variation in

floral resources at the community level and seldom

examine flower communities from an anthropogenic

perspective. Spatial variation in floral resources can

result from distribution patterns of particular species

or functional groups responding to climate conditions

or local environmental factors such as topography,

soils, and disturbance history (Hermy and Verheyen

2007; Jackson et al. 2012; Gornish and Tylianakis

2013) as well as temporal variation in flowering due to

climate and seasonality (Fitter and Fitter 2002;

Cleland et al. 2007; Crimmins et al. 2008; Aldridge

et al. 2011; Holden et al. 2011; Crimmins et al. 2013).

Spatial and temporal patterns of floral resources are

affected by human modification of the surrounding

landscape (Ford et al. 2000; Foley et al. 2005;

Tscharntke et al. 2005; Knapp et al. 2012). Increased

anthropogenic influence is associated with increases in

non-native flora (Kuhman et al. 2010), declines in

phylogenetic diversity (Knapp et al. 2012), and

advanced onset of flowering (Neil et al. 2010) while
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changes in forest cover and structure are associated

with shifts in understory plant communities including

reduced species richness, cover and abundance of

native herbs and increased cover of non-native species

(Bellemare et al. 2002; Vellend 2005; Kuhman et al.

2011).

We sampled wildflower communities across topoe-

daphic, climatic, and land use gradients in the southern

Appalachian Mountains and asked: (1) How do floral

resources (wildflower species richness, abundance,

timing, and presence of charismatic species) change

over the growing season, and what factors explain this

variation? (2) How do projected hotspots of floral

resources vary over space and time? (3) How do

spatial shifts in floral resource affect potential public

access to cultural ecosystem service supply? We

hypothesized that topoedaphic conditions would have

strong effects on all floral resources and that flower

species richness would decline with increased anthro-

pogenic influence.

Methods

Study area

The French Broad River Basin (FBRB), located within

the Southern Blue Ridge physiographic region in the

southern Appalachian Mountains, covers an area of

7330 km2. Elevation ranges from 300 to 2100 m, and

the climate is characterized by mild winters (-2 �C),
warm summers (23 �C) and abundant precipitation

(1020–2440 mm annually) (Thornton et al. 2012).

Soils are generally Inceptisols, with some Ultisols

(Soil Survey Staff 2013). The region is characterized

by high biodiversity and ecotourism is popular

(SAMAB 1996). The regional economy changed in

the last century from resource extraction (e.g., timber)

and agricultural production to a nature-based, ame-

nity-driven economy, leading to altered patterns of

land use and land cover (Wear and Bolstad 1998;

Turner et al. 2003; Gragson and Bolstad 2006). North

Carolina tourism office estimates that tourism’s

impact increased from $269 million in 1991 to $901

million in 2013 in one urban center in the region, with

combined visitor expenditures for 2014 over

$1330 million for the FBRB (Strom and Kerstein

2015, VisitNC 2016). While no data specifically report

dollars generated by ecotourism, overnight visitors to

the North Carolina Mountain Region reported partic-

ipating in rural sightseeing (26 %), visiting state/na-

tional parks (23 %), wildlife viewing (14 %), hiking/

backpacking (10 %), nature/ecotouring (9 %), other

nature (8 %), and birdwatching (4 %) during 2014

(VisitNC 2016). From 1976 to 2006, human popula-

tion increased by 48 % (Vogler et al. 2010), accom-

panied by increased exurban, low-density housing

development and increased forest land cover. The

FBRB is dominated by forest (75 %), mainly sec-

ondary growth. Forest types consist of spruce-fir

(Picea abies) and northern hardwoods at high eleva-

tions, mixed hardwood species at lower elevations,

and mixed mesophytic forests on lower slopes and

coves (SAMAB 1996). Agriculture comprises 12 % of

the landscape, over 70 % of which is managed as

meadow or pasture. Urban areas constitute 12 % of the

landscape and the remainder consists of shrubland,

water, or barren land (all\1 %) (Homer et al. 2012).

Recent stakeholder interviews indicate that area

residents strongly value biodiversity and are con-

cerned for the futures of ecosystem services, partic-

ularly cultural ecosystem services (GroWNC 2013).

Wildflower surveys

Site selection

Wildflower communities were surveyed at 63 sites

located on public and private property (SM Figure S1).

We stratified the study area by elevation, building

density, and land use. Sites were located in forested

areas (n = 51) or open fields (e.g., pastures or low-

intensity hay fields, n = 12) and within 150 m of trails

or roads to characterize floral resources likely to be

visible to people. Sites on public property were

randomly located using the Sampling Design tool for

ArcGIS 10.0. Private property site selection followed

an iterative process. First, we invited property owners

to participate through messages to area landowner

networks as well as personal and professional net-

works. Second, each property was evaluated relative

to our stratification scheme and visited to determine

site-suitability (e.g. accessibility, areas without active

cultivation). Study sites were randomly located on the

selected properties using digitized maps of the prop-

erty boundaries and the Sampling Design tool for

ArcGIS 10.0.
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Survey methods

A 50 9 2 m belt transect was established at each site.

We avoided areas of active cultivation or horticulture.

Sites were visited at least once every 3 weeks from

April 1 to August 8, 2014. During each visit, we tallied

the number of flowering individuals, identified each

flowering individual to species, and estimated percent

cover of flowers along the transect. We classified each

species using charismatic species status. Charismatic

species were determined by conducting a search of

tourism websites using the terms ‘‘western North

Carolina’’, ‘‘southern Appalachian Mountains’’, or

‘‘Asheville, North Carolina’’ and listing all flowering

species mentioned by name or appearing in pho-

tographs on those websites; species that appeared on

C40 % of tourism websites were considered charis-

matic (SM Table S1). Data post-processing included

grouping some of the flower species to genus based on

similarity in appearance and potential misidentifica-

tion. See Supplemental Materials for a complete list of

species observed in bloom and grouped species (SM

Table S2). All analyses used the grouped list.

Covariate data

Each site was assigned a site type (i.e., forest = 1 or

open = 2). Environmental variables were extracted

from GIS data. Elevation, slope, aspect, and topo-

graphic position index (TPI) were calculated from the

National Elevation Dataset 30 m digital elevation

model (Gesch et al. 2002). The TPI describes the

relative position of a site given nearby terrain;

negative values indicate that a site is below the

average elevation of its neighborhood (e.g., valleys

and coves) whereas positive values indicate it is above

the average elevation of its neighborhood (e.g., ridges

and hilltops). We converted aspect to a relative

moisture index ranging from 1 to 16, with SSW (1)

as the driest aspect and NNE (16) as the wettest (Day

and Monk 1974). Soil percent organic matter was

extracted from the SSURGO soil database (Soil

Survey Staff 2013).

Climate data for 2014 were calculated from the

Daymet dataset (Thornton et al. 2012) which provides

1 km gridded estimates of daily weather for North

America, including daily minimum and maximum

temperature, precipitation occurrence and amount.We

used cumulative growing degree days (GDD) and

precipitation accumulated to the end of our sampling

season to characterize climate for the full sampling

period.

Building density (building units per hectare) was

quantified by tallying all buildings located within

100 m of each study site. We used centroids of

digitized building footprints obtained from county

government GIS offices to locate buildings. We

quantified vegetation structure and forest canopy

cover from light detection and ranging data. See

Supplementary Methods for more details.

Data analysis

Analysis of observed floral resources

Nine response variables were calculated and repre-

sented three components of floral resources (i.e.,

flower species richness, flower abundance, and charis-

matic species richness). Flower species richness and

flower abundance were analyzed at two temporal

scales (i.e., full growing season and subseason).

Flower species richness

To account for differences in observed species rich-

ness due to survey effort (e.g., weekly sampling versus

tri-weekly sampling), we calculated flower species

richness using species accumulation curves and the

vegan package in R (Oksanen et al. 2015). We

calculated flower species richness for the full 18-week

season and for early spring, late spring, and summer

(three 6-week subseasons).

Flower abundance

Peak bloom abundance, i.e., the maximum abundance

during the full season, and subseason flower abun-

dance, i.e., mean abundance within early spring, late

spring, and summer, were calculated for each site.

Charismatic species

We calculated the proportional presence of charis-

matic species at each site as the number of charismatic

species observed at that site divided by the total

number of species observed at that site.

418 Landscape Ecol (2017) 32:415–428

123



Factors influencing species richness, flower abun-

dance, and flower timing were analyzed using Poisson

regression and AICc model selection (glm function in

package lme4 for R; Bates et al. 2015). Binomial

regression and AICc model selection were used to

analyze the proportional presence of charismatic

species. All covariates were standardized to mean = 0

and variance = 1, to directly compare regression

coefficients as a measure of effect size. Candidate

models included quadratic terms for building density,

soil organic matter, and precipitation as well as

interaction terms (GDD 9 building density;

GDD 9 percent tree cover). For each response vari-

able, the candidate suite of models included a full

model with all covariates, single models for each

predictor, and step-wise combinations of multi-vari-

able models from the full model. Models were ranked

according to second-order Akaike’s information cri-

terion (AICc) (Burnham and Anderson 2002). We

inspected all models within DAICc\ 2 of the top-

ranked model. Results and coefficient estimates from

all competing models within DAICc\ 2 of the top

model are presented in the Supplemental Information

(Tables S4–S7). Below, we report covariate relation-

ships with respect to the relative strength and direction

of each covariate on the response variable across all

competing models. See supplementary materials for

more details on data analysis.

Analysis of projected landscape patterns

of wildflower resources

We created maps of projected wildflower resources

using the predict function in the raster package for R

(Hijmans and van Etten 2015) and predicted values

from best-fitting models identified in the analysis

above. For response variables with competing top

models, we first mapped the predicted value from each

of the competing top models. Final maps were created

by calculating the weighted-average of the mapped top

model predictions, using the corresponding AICc

model weights, rather than using model-averaged

coefficients (Grueber et al. 2011; Cade 2015). All

input layers were standardized to z-scores based on the

mean and variance of the sampled dataset (n = 63)

and referenced to the same UTM projection (NAD

1983 UTM 17N) and 30 m grid cell. For more detail

on preparation of input data layers, see Supplemental

Material. For maps of the standard error of each

predicted response, see supplemental material (SM

Figure S2).

Hotspots of individual floral resources were iden-

tified for each response variable by calculating the

upper 20th percentile of projected values for 30 m grid

cells (SM Fig. 3). Hotspots for multiple floral

resources were identified by overlaying maps of the

upper 20th percentile of each response variable (sensu

Qiu and Turner 2013). We identified hotspots at two

temporal scales: full season and subseason (early

spring, late spring, and summer) and analyzed tempo-

ral consistency of hotspots by assessing spatial

concordance of hotspots among subseasons.

Analysis of wildflower viewing accessibility

We compared maps of projected floral resources to

maps of public access to examine how access to floral

resources changed over time. We identified public

access as any publicly owned lands (e.g. federal and

state-owned forests and parks) as well as locations

within 30 m of public-use trails such as greenways and

bike trails (Table S3). For each time period and each

floral resource, we calculated the area overlap between

hotspots and public access.

Results

Observed floral resources

Flower species richness

Two hundred thirty flower species were recorded in

bloom across all study sites from April 1 to August 8,

2014 (see Table S2 for full list); this list was reduced to

173 flower species for analysis. Sites varied in the

number of species recorded in flower throughout the

season (April–August) with total flower species rich-

ness ranging from 2 to 34 species (x = 12 ± 0.88) per

site. Mean flower species richness among all sites was

similar through the growing season, but flower species

richness at each site varied by subseason (Fig. 1).

Total flower species richness was higher at sites

with lower precipitation, tree cover and building

densities (Table S4). There were strong non-linear

effects of soil organic matter (positive quadratic

effect) on flower species richness; richness declined

at intermediate soil organic matter levels and
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increased at higher levels of organic matter. Flower

species richness was also influenced by the interaction

of GDD with percent cover of trees and building

density; at warmer sites, where GDD were higher, the

negative effects of tree cover were dampened whereas

the conditional effect of building density was more

negative as GDD increased.

The relative effect of topoedaphic variables, cli-

mate, local vegetation, and building density on flower

species richness varied among subseasons (Table S5).

Climate, soil organic matter and building density were

most important for flower species richness during

early spring, with cumulative precipitation exerting

the most influence on species richness. The effect of

GDD on subseason flower species richness was

positive in early spring as days warmed and species

began to bloom before leaf out, but changed to

negative in late spring as higher elevation sites had

more species in bloom and the forest canopy closed.

Building density was important for flower species

richness with strong nonlinear effects in early spring,

wherein the highest richness occurred at intermediate

levels of building density, and strong negative effects

in late spring and summer. Soil organic matter affected

flower species richness in all seasons.

Flower abundance

Observed peak bloom abundance ranged from 8 to

1828 flowers per site (x = 194 ± 44.1). Peak bloom

abundances at open sites (x = 659 ± 170) were

substantially higher than in forested sites

(x = 84 ± 14.7) and site type was most important

for explaining peak bloom abundance. Topoedaphic

conditions had significant effects on peak bloom

abundance, with positive effects of soil organic matter,

topographic moisture index, and slope (Table S6). The

negative effects of TPI indicated that higher peak

bloom abundances were found at lower topographic

positions relative to the surrounding terrain. Climate

affected peak bloom abundance with strong non-linear

effects of precipitation. Building density had a small

positive effect on peak bloom abundance.

Mean flower abundance changed through the

season and differed between open and forested sites

(Fig. 2). Factors affecting flower abundance varied in

their relative importance and direction of effect across

subseasons. Site type was the most important factor

during all subseasons, with higher flower abundances

occurring at open sites. Climate and topoedaphic

conditions had the greatest effects in early and late

Fig. 1 Observed flower

species richness at study

sites in the French Broad

River Basin during early

spring, late spring, and

summer 2014
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spring while GDD and building density had the

strongest (negative) effects on summer flower

abundance.

Topoedaphic factors varied in their effects on

flower abundance over the season. Topographic wet-

ness index had strong positive effects in early spring,

but lower relative and negative effects on late spring

and summer flower abundance. Slope had positive

effects in early and late spring but negative effects in

summer. TPI had negative effects in early and late

spring, but no effect on summer flower abundance.

Soil organic matter was negatively related to flower

abundance, with strong nonlinear (positive quadratic)

effects, in all subseasons.

Growing degree days had a strong negative effect

on flower abundance in all subseasons, but had the

strongest relative effect during the late spring where it

was the second most important factor explaining

flower abundance. The effect of precipitation on

flower abundance changed over the season, with

negative quadratic effects in early and late spring

and positive quadratic effects during summer.

Building density had strong negative effects on

summer flower abundance and was among the most

important factors explaining flower abundance during

summer. The effect of building density on early spring

flower abundance was positive and was of lower

relative importance than climate and topoedaphic

variables. In all subseasons, significant interactions

indicate that surrounding building density effects were

modulated by the effect of GDD.

Charismatic species

Charismatic species were present at all sites, repre-

senting 5 to 100 % of the total flower species richness

per site (x = 35 %). Competing top models predicting

the proportion of total flower species richness com-

prised of charismatic species all included strong

effects of topography and precipitation (Table S7).

Greater proportions of charismatic species were found

at moister sites (higher topographic wetness index) in

valley or cove locations (lower TPI) with higher

precipitation. However, these models explained a

relatively small proportion (pseudo-R2 = 0.25 to

0.30) of variance in the data.

Projected landscape patterns of wildflower

resources

Projected floral resources varied substantially across

the landscape and through the season and were

Fig. 2 Observed flower

abundance at study sites in

the French Broad River

Basin during three

subseasons between April

and August 2014
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spatially autocorrelated (all Moran’s I[ 0.72,

p\ 0.001). Hotspots of floral resources (the top 20th

percentile of each component of floral resources),

were not often spatially co-located or temporally

consistent through the season (Fig. 3). Hotspots of

overall flower species richness were few in number

and relatively small in size (patch den-

sity = 2.8 km-1; area-weighted mean patch

size = 0.15 ha). Hotspots of flower species richness

varied in number and size across subseasons and were

largest during early spring and most numerous during

late spring (Table 1). Hotspots of peak bloom abun-

dance were more numerous than overall flower species

richness hotspots but smaller in size (patch den-

sity = 13.6 km-1; area-weighted mean patch

size = 0.04 ha). Hotspots of flower abundance were

largest during summer and most numerous during the

early spring (Table 1). Spatial concordance of hot

spots of flower species richness and flower abundance

covered 5 % of the landscape in early spring, 10 % in

late spring and 7 % in summer, and areas of concor-

dance shifted with subseason (Fig. 4a–c).

Four percent of the landscape was designated to be

flower richness coldspots; locations that consistently

had low values of flower species richness (e.g., bottom

20th percentile) across all three time periods.

Conversely, 6 % of the landscape consistently was in

the top 20th percentile of flower species richness in

early spring, late spring, and summer, e.g. wildflower

richness hotspots (Fig. 4d). Coldspots of wildflower

abundance occupied 2 % of the landscape while

consistent wildflower abundance hotspots comprised

10 % of the landscape (Fig. 4e).

Accessibility of wildflower viewing

Up to 30 % of the landscape within the study area is

publicly accessible for wildflower viewing. The

accessibility of wildflower richness hotspots fluctu-

ated through the seasons, with the highest proportion

(37 %) accessible during the late spring (Fig. 5).

Wildflower abundance hotspots in late spring and

summer were often located on privately-owned land,

in pastures or fields. However, increases in blooming

during July and early August led to an increase in the

accessibility of abundance hotspots throughout the

early spring to summer season: 25 % accessible in

early spring, 30 % during the late spring, and 32 % in

the summer. Finally, publicly accessible land tended

to have a larger proportion of charismatic species (e.g.,

[45 % of the total flower species richness at those

locations) than private lands.

Fig. 3 Projected

distribution of (a) overall
flower species richness,

(b) early spring richness,

(c) late spring richness,

(d) summer richness,

(e) peak bloom abundance,

(f) early spring abundance,

(g) late spring abundance,

and (h) summer abundance

for the French Broad River

Basin. Projections based on

AICc-selected models from

sites (n = 63) sampled

during April to August 2014
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Discussion

Cultural ecosystem services, important but less well-

studied than other ecosystem services, often depend on

biotic communities that shift in response to changing

environmental conditions and resources. However,

temporal dynamics of biotic communities are rarely

included in ecosystem service models. Wildflower

Table 1 Summary of the number and size of patches of projected hotspots of floral resources in the French Broad River Basin, North

Carolina

Projected floral resource Threshold used

to define hotspot

Number of

hotspot patches

Hotspot patch

density (km-1)

Area-weighted

mean patch size (ha)

Flower species richness

Total (overall) [13 Species 12,187 2.76 0.15

Early spring [6 Species 15,501 3.49 1.60

Late spring [5 Species 27,432 6.20 0.21

Summer [5 Species 14,230 3.22 0.07

Flower abundance

Peak bloom [810 Flowers 58,717 13.56 0.04

Early spring [470 Flowers 28,231 8.69 0.13

Late spring [410 Flowers 39,148 8.86 0.17

Summer [330 Flowers 31,888 7.23 0.37

Results are reported for the entire study period and by season

Fig. 4 Spatial distribution of combined hotspots of flower

species richness and abundance during (a) early spring, (b) late
spring, (c) summer as well as the location of consistent hotspots

(red) and coldspots (blue) of (d) flower species richness and

(e) flower abundance across three subseasons
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viewing, an important cultural ecosystem service that

contributes to the ecotourism economy in the Southern

Appalachians (Watson et al. 1992), depends on the

presence and abundance of seasonally-dynamic floral

resources. We analyzed factors affecting the richness,

abundance, and timing of flowers, mapped the

projected supply of floral resources, and identified

hotspots of cultural ecosystem service supply. Incor-

porating temporal dynamics of wildflower blooms

identified complex seasonal relationships with envi-

ronmental variables and uncovered seasonal variation

in the supply and accessibility of potential ecosystem

services.

Ecosystem services provided by wildflower com-

munities are known to vary with land use/land cover

and management intensity (Quetier et al. 2007;

Fontana et al. 2014). Floral resources in the Southern

Appalachians varied with land use, climate and

topoedaphic conditions, and seasonal change in floral

resources influenced projected landscape patterns of

ecosystem services. The effect of climate on wild-

flower blooms varied throughout the season, reflecting

shifts from lower to higher elevations. Peak bloom

abundances tended to occur earliest on drier, warmer

forested sites, which likely reflects understory plant

community response to aspect-driven microclimate

and light availability prior to canopy closure (Gilliam

2007).

Open sites were associated with increased flower

abundances and longer flowering seasons than

forested sites, while forested sites were associated

with a higher proportion of charismatic species.

Increased development on agricultural lands, consis-

tent with projected land-use changes in the Southern

Appalachians (Wear 2011) could decrease landscape

capacity to provide wildflower viewing. Similarly, the

strong negative effects of building density on flower

species richness suggest that projected increases in

residential development may lead to tradeoffs with

floral resources. Maintaining a mixture of natural,

semi-natural, and agricultural cover types in a pre-

dominantly forested landscape may ensure a high

diversity of floral resources across multiple seasons

and provide increased opportunities to view

wildflowers.

As expected, shifts in floral resources changed the

locations of wildflower viewing opportunities

throughout the season. Many of the open, private

lands are considered visible and accessible from roads

and trails throughout the region. Publicly accessible

lands provide access to floral resources hotspots (e.g.

the top 20th percentile of flower species richness or

flower abundance), but only 37 % of the area projected

to be flower species richness hotspots were publicly

accessible. Public access to flower abundance hotspots

was highest during the summer, increasing over the

season despite a strong shift to open, private lands in

late spring and summer. This pattern is a consequence

of many public lands, such as national forests,

occurring at higher elevations. As wildflower bloom

0

0.05

0.1

0.15

0.2

0.25

0.3

0.35

0.4

0.45

0.5

Early spring (Apr-May) Late spring (May - June) Summer (July - Aug)

Pr
op

or
tio

n 
of

 to
ta

l h
ot

sp
ot

 a
re

a 
co

nt
ai

ne
d 

w
ith

in
 p

ub
lic

ly
 a

cc
es

si
bl

e 
ar

ea
s

Abundance Richness

Fig. 5 Projected seasonal

change in the proportion of

floral resource hotspots

within publicly accessible

areas in the French Broad

River Basin

424 Landscape Ecol (2017) 32:415–428

123



expands upward in elevation, hotspots in public lands

also expand. These shifts, coupled with the high

proportion of hotspots on private lands, highlight the

potential for both public and private lands to have high

cultural ecosystem service value and emphasizes the

importance of private lands in maintaining ecosystem

services (Schaich and Plieninger 2013).

Interannual variation in wildflower community

phenology may also contribute to shifts in cultural

ecosystem service supply (Forrest et al. 2010). Our

study used data collected within 1 year and focused on

identifying shifts in cultural ecosystem service supply

resulting from seasonal shifts in wildflowers at a finer

temporal resolution. Despite the potential for interan-

nual variation, seasonal shifts in floral resources would

still alter wildflower viewing supply and access to

cultural ecosystem services. Our study adds to the

expanding literature recognizing the need to incorpo-

rate temporal variation in ecosystem service assess-

ments to fully describe patterns of ecosystem service

supply (Nicholson et al. 2009; Holland et al. 2011b;

Blumstein and Thompson 2015).

We provide one of the first examples incorporating

temporal variability in biotic communities into a

spatial assessment of cultural ecosystem service

supply. The models presented in this study focus

specifically on wildflower richness and abundance in a

montane region of the Southern Appalachians. The

study area is dominated by forests, with exurban

development occurring under the forest canopy

(Turner et al. 2003). Our sampling scheme reflected

this forest dominance, with only 10 of our 63 sites

located in open fields, which may have limited our

power to detect variability among open fields. As with

all statistical models, caution should be used before

transferring these models to other regions as relation-

ships between covariates may differ.

People interested in wildflower viewing (e.g., users

of the ecosystem service) may value different com-

ponents of floral resources based on their individual

preferences, beliefs and expertise (Satz et al. 2013), as

has been shown for wildlife viewing (Martin 1997). It

is often assumed that species-rich views improve the

aesthetic value of landscapes (Marshall and Moonen

2002) and increased flower color diversity may

provide high cultural ecosystem service value (Quétier

et al. 2009; Lindemann-Matthies et al. 2010). Flower-

rich views may also increase aesthetic values of

landscapes for some viewers (Junge et al. 2009)

whereas others may be primarily interested in seeing

specific wildflowers of cultural significance or rare

species (Martin 1997). Our approach attaches impor-

tance to both diversity and abundance of flowers

without asserting that one floral component (e.g.

richness, abundance, or charismatic species presence)

provides a greater or lesser cultural service value.

Such differentiation requires understanding stake-

holder preferences for particular wildflower arrange-

ments (Turpie and Joubert 2004) and would allow for

more detailed evaluation of how the potential wild-

flower supply affects actual cultural ecosystem service

use.

Cultural ecosystem services are not well under-

stood and have been seldom quantified in ecosystem

services literature (Daniel et al. 2012). Often, simple

proxies based on land-cover or coarse indicators are

used to map cultural ecosystem services, such as

mapping the amount of green space (Barthel et al.

2005), trails and other recreational facilities (Raud-

sepp-Hearne et al. 2010; Lovell and Taylor 2013), or

some combination of land cover, local features, and

nearby population (Qiu and Turner 2013; van Berkel

and Verburg 2014). These simple indicators provide

little insight into the capacity of a landscape to supply

cultural ecosystem services under varying environ-

mental conditions. Further, cultural ecosystem ser-

vices are often excluded from analysis thereby

inhibiting assessments of cultural services in relation

to other services or under alternate management

scenarios (Hernández-Morcillo et al. 2013).

Our empirical models accounted for temporal

dynamics of a biodiversity-based cultural ecosystem

service and identified patterns of cultural ecosystem

service supply hotspots otherwise obscured by using

simple proxies. Such models that incorporate the

underlying ecology of cultural ecosystem services

have potential to inform policy makers and managers

(Daily et al. 2009) and, especially for services that

depend on mobile or seasonal biodiversity (Kremen

et al. 2007), should be incorporated in future studies to

avoid under- or over-emphasizing the importance of

particular landscape elements.
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